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Background: Insecticide-based tools remain critical for controlling vector-borne diseases in Uganda. Securing public
support from targeted populations for such tools is an important component in sustaining their long-run effectiveness.
Yet little quantitative evidence is available on the perceived benefits and costs of vector control programmes among
targeted households.
Methods: A survey was administered to a clustered random sample of 612 households in Gulu and Oyam districts of
northern Uganda during a period of very high malaria transmission and following a pilot indoor residual spray (IRS)
programme. A discrete choice experiment was conducted within the survey, in which respondents indicated their
preferences for different IRS programmes relative to money compensation in a series of experimentally controlled,
hypothetical choice sets. The data were analysed using conditional logit regression models to estimate respondents’
willingness to accept (WTA) some amount of money compensation in lieu of foregone malaria risk reductions. Latent
class models were used to analyse whether respondent characteristics predicted WTA.
Results: Average WTA is estimated at $8.94 annually for a 10 % reduction in malaria risk, and additional co-benefits of
IRS were estimated to be worth on average $54–$56 (depending on insecticide type) per round of IRS. Significant
heterogeneity is observed: Four in five household heads in northern Uganda have high valuations for IRS programmes,
while the remaining 20 % experience costly side effects of IRS (valued at between $2 and $3 per round). Statistically
significant predictors of belonging to the high-value group include respondent gender, mean age of household
members, participation in previous IRS, basic knowledge of mosquito reproduction, and the number of mosquito nets
owned. Proxies for household income and wealth are not found to be statistically significant predictors of WTA.
Conclusions: This study suggests that the majority of people in areas of high malaria transmission like northern
Uganda place a high value on vector control programmes using IRS. However, there is significant heterogeneity in
terms of the perceived side effects (positive and negative). This has implications for sustaining public support for these
programmes in the long-term.* Correspondence: zack_brown@ncsu.edu
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Background
Insecticide-based suppression of malaria vectors has
comprised a foundational pillar of malaria control pro-
grammes for over six decades in Uganda. Either applied
to dwellings via indoor residual spraying (IRS) or used in
insecticide-treated bed nets (ITNs), insecticides remain
among the most cost-effective tools for reducing the
health burden of malaria [1]. Recent evidence on the
effectiveness of these tools suggests that, between 2000
and 2010, the prevalence of Plasmodium falciparum in
Africa among populations between 2 and 10 years of age
declined from approximately 33 % to 17 %, with ITNs
and IRS accounting for roughly 60 % of this decrease
[2].
While policymakers generally assume public support
for malaria control programmes due to these manifest
disease reduction benefits, there has been a persistent
debate in academic and policy communities about the
sustainability of continuing these status quo control
methods indefinitely [3–5]. This question of sustain-
ability often centres on the threat of insecticide resist-
ance [6, 7], as well as the potential long-term health
and environmental impacts from prolonged exposure
to insecticides in the context of these vector control
methods [8–10]. There is a growing evidence base ana-
lysing the biological dynamics involved in the spread of
insecticide resistance [11, 12] and evaluating its oper-
ational impacts on vector control programmes [13–15].
Likewise, there is a significant toxicological literature
measuring the potential health effects of household
insecticide exposure in the context of malaria control
[16–18].
Less research has quantitatively assessed these potential
tradeoffs in terms of the preferences of the primary clients
of vector control programmes, that is the targeted house-
holds themselves. Among this small literature are studies
examining households’ perceptions of IRS programmes
[19–21], as well as research evaluating households’ will-
ingness to pay (WTP) for ITNs [22, 23]. However, we are
aware of no prior studies which quantitatively evaluate
households’ economic tradeoffs from participating in
insecticide-based vector control, including the benefits of
variable malaria risk reductions and the potential costs of
household members’ exposure to insecticides, as well as
other nonmonetary costs.
Examining households’ support and participation
determinants is important, in particular, for managing
insecticide resistance risks. A central principle in insect
resistance management (IRM) has been the use ofhigh-dose strategies using multiple insecticides [24, 25].
Household decisions are thus also an important com-
ponent in successful IRM, because they mediate the
effective dosage to which vector populations are ex-
posed. Sustaining household support for insecticide-
based vector control should therefore be a key ingredi-
ent in a successful IRM strategy in a vector control
context.
We measure northern Ugandan households’ perceived
money value of IRS programmes, by estimating their will-
ingness to accept (WTA) money in lieu of different types
of IRS programmes. An important advantage of this value
measure over WTP in a developing country context is that,
while it may be related to household income, it is not
bounded by household budget constraints: impoverished
households can still have a high WTA for vector control,
even if their budget constraint does not permit a high
WTP [26]. In public policy, WTP is often used in benefit-
cost analysis (BCA) to measure values to those who stand
to gain from a policy change, whereas WTA should in
principle be used to value the damages to those experien-
cing a net loss as a result of the policy change [27]. Thus,
our estimates of WTA in this context should be considered
with caution if deployed in a BCA, being most appropriate
for a situation in which a policy change would increase
malaria risk levels (e.g. due to withdrawn government or
donor funding for malaria control programmes). However,
independent of their potential use in BCA analysis, our es-
timates do provide a unique economic perspective on
impoverished households’ valuations of malaria risk reduc-
tions, without the confounding factor of a household
budget constraint.
Prior to our study, one round of IRS had been conducted
between February and April 2008 in Gulu and Oyam
districts of northern Uganda. These programmes have
been principally funded by the U.S. President’s Malaria
Initiative (PMI) and are performed in coordination with
the Ugandan National Malaria Control Program (NMCP).
Gulu was sprayed using the pyrethroid-type insecticide
lambda-cyhalothrin (which went by the trade-name ICON
in the study region), and Oyam was sprayed using DDT
[28]. IRS services were provided free-of-charge to house-
holds. However, there were potentially significant nonmon-
etary costs for households to participate, including an
obligation to retrieve 10 l of water with which to mix the
insecticide, the necessity of removing all household belong-
ings and remaining outside of the home for at least two
hours, as well as any perceived negative health effects from
insecticides applied in the home.
We applied an econometric methodology to assess
households’ valuations of these programmes. Using data
from a survey-based economic experiment conducted
among 612 randomly sampled households spread over
two districts of northern Uganda, we evaluated monetary
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programmes that varied according to the type of chem-
ical employed, the projected reduction in malaria risk
obtained from the programme, and spray frequency. The
data were collected as part of a broader survey of know-
ledge and attitudes regarding malaria vector control pro-
grammes [28].
Methods
To assess households’ perceived valuations of IRS pro-
grammes, survey enumerators conducted an in-person
survey of households in the northern Ugandan districts
of Gulu and Oyam (Fig. 1). These interviews, conducted
in the local language, followed the single previous IRSFig. 1 Study location and surveyed villagesround that had been conducted in each district. PMI’s
IRS operations were typically conducted as follows:1
After advertising the programme through radio and con-
sulting with village leaders and local health workers, the
IRS team would arrive in the village at a designated time.
Households were expected to have their homes unlocked
with all belongings removed, and to have retrieved 10 l
of water. IRS workers would then inspect the homes to
ensure that they were empty, before dissolving a sachet
of insecticide in their spray tanks using the water pro-
vided by the households. Spraying of the surfaces in the
residential structures, usually consisting of one-to three-
room mud huts, took less than one hour to complete.
Spraying was typically conducted in the morning, and
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homes for at least two hours. Households were given the
choice of whether or not to participate in the IRS
programme. Based on interviews with IRS workers and
focus group participants, nonparticipation was uncom-
mon. Reports suggested that nonparticipation usually
occurred because household members were absent and
their homes were locked (for unknown reasons).
Choice experiment methods
To measure WTA we used a stated choice experiment.
This survey-based method has respondents complete a
number of choice tasks, in which they select the most-
preferred option from a set of alternatives. In our choice
experiment, the alternatives consisted of different types
of IRS programmes, which varied according to the
chemical used, the frequency of spraying, and reduction
in malaria risk. Each task also included one alternative
consisting of a one-time money payment in lieu of any
IRS programme (with a correspondingly higher malaria
risk for this alternative). WTA-based valuation measures
for the different attributes of the IRS programmes can
be estimated by analysing the frequency with which
respondents select different alternatives, for different
IRS configurations and different money amounts on
offer across choice tasks. Similar stated choice methods
have been used in a variety of public health and envir-
onmental contexts, including other mosquito control
programmes in developed country contexts [29], as wellFig. 2 Choice experiment implementation. a information frame, b choice tas water and sanitation interventions in developing
countries [30].
The choice experiment format consisted of the survey
interviewer first conveying to respondents a list of facts
about IRS programmes and about the insecticides DDT
and ICON (Fig. 2a). These were the only two insecti-
cides that had been used in the region prior to the
survey [28]. Focus group discussions indicated that many
respondents could readily distinguish DDT, which had a
much longer history in the region (e.g. having the local
name of dudumaki), from ICON. IRS using DDT had
also been the topic of a recent court injunction brought
by local organic farmers, who were concerned that they
would no longer be able to obtain organic certification–
and the associated price premia–for products exported
to Europe [31].
Interviewers then described the series of choice tasks
the respondents would be asked to complete, using a set
of visual aids to represent the attributes for the three alter-
natives in each choice task (Fig. 2b, c). Finally, respondents
completed three separate tasks with different configura-
tions of alternatives (Fig. 2d). The experimental design
dictating the configuration of choice tasks and alternatives
followed a D-optimal methodology with a prior based on
the survey pretest [32].
Econometric analysis
The data from the choice experiment were analysed with
conditional and latent class logit econometric regressionask script, c visual aid, d example choice task
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ity” a respondent derives from each alternative in a given
choice task, such that each alternative’s total utility can
be decomposed into the marginal utilities of its attri-
butes [33]. In our case, the conditional logit model as-
sumes that the utility respondent i receives from
alternative j is:
V ij ¼ β0 þ xjβþ ij ð1Þ
where xj is a vector of attributes for alternative j, β is a
vector of marginal utilities defining preferences over
programme attributes, and ij is a random utility compo-
nent akin to a standard regression error. For the choice
experiment analysed here, the vectors of programme
attributes and marginal utilities are:
xj ¼ riskj moneyj DDTj ICONj
  ð2Þ
β0 ¼ βrisk βmoney βDDT βICON
 
Each alternative’s attributes (Xj) are defined as: malaria
risk (riskj, ranging from a 0.1 to 0.9 probability of falling
ill with malaria in a given month), the amount of money
offered (moneyj), and the number of rounds of IRS per
year (none, 1×, 2× or 4×) with each insecticide (DDTj ,
ICONj). The corresponding β coefficients are the mar-
ginal utilities associated with these attributes.
Discrete choice models like the above employ the
assumption that respondents select the alternative in a
given choice task with the highest utility, including non-
random and random components. This leads to a prob-
abilistic statement of individual choice, with respondent
i selecting alternative j from a given choice task t with
probability equal to:




where k ∈ t is mathematical notation for “k belongs to
t,” meaning in this case alternative k is in choice task
t. Statistical estimation proceeds by making an as-
sumption about the distribution of the random utility
component ∈ij. Most analyses assume, as we do here,
the ∈ij to be identically and independently distributed
according to a standardized Gumbel distribution [34],
which leads to a conditional logit regression model





choice probabilities are then used to construct the
likelihood of observing respondent i’s sequence of
choices as:

















where cijt is a binary indicator for whether respondent iselected alternative j in choice task t, and Ti is the set of
choice tasks completed by respondent i. The maximum
likelihood estimate of the marginal utility vector is then
obtained by maximizing with respect to β the sample





After estimating β, monetary valuations of the DDT,
ICON and malaria risk attributes are obtained by
computing marginal WTA as the ratio between each
marginal utility of these attributes and the marginal
utility of money. For example, the term WTArisk
¼ 10%ð Þ  βriskβmoney provides an estimate of how much a
respondent would have to be compensated in order to
give up a permanent 10 % decrease in malaria risk.
The choice experiment asked respondents to compare
permanent IRS programmes compared to a one-time
compensatory payment (Fig. 2b). This framing was
selected based on focus group discussions and pretest-
ing. However, the policy community generally discusses
risk reduction valuation in terms of annualized figures
[35]. The annualized valuation formula for measuring
the WTA a marginal change in attribute k over a period
of one year is:
AnnualWTAk ¼ δ  βk
βmoney
ð5Þ
where δ is the effective annual discount rate for house-
holds in the population. The survey did not elicit a dis-
count rate, and so we assume a rate of 10 %, based on a
study by Bauer and Chytilová [36] measuring subjective
discount rates in rural Ugandan households.
Eq. (1) assumes that every individual has the same
marginal valuations when making choices about IRS par-
ticipation. Yet it is possible reductions in average malaria
risk are differentially valued across the population. For
example some subpopulations may have higher exposure
or experience greater consequences of malaria infection,
relative to other groups. To examine whether some
subgroups of respondents have higher valuations of IRS
programmes, we also use a latent class logit model, to
allow for different types of preferences in the population
[34]. This method is commonly used in the environmental
economics field [37]. The latent class choice model
assumes discrete groups of preferences in the population:
each latent class l is assumed to have a unique set of con-
ditional logit regression coefficients βl defining prefer-
ences. In latent class models, class membership indicator
variables are treated as missing data, and imputed via an
expectation-maximization (EM) algorithm. If we observe
that i ∈ l, then Eq. (5) implies that the likelihood of observ-
ing i’s sequence of choices is Li(β
l), meaning that we could
easily estimate these marginal utilities using a conditional
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a probability model to predict class membership based on
a vector of respondent-specific covariates Zi (e.g. socioeco-
nomic characteristics). The standard model used to pre-
dict class membership is a multinomial logit model:






where γ = (γ1,…, γL)’ is the collection of coefficient vec-
tors (one for each class) defining the marginal effect of
each variable in Zi on the prior log-odds of belonging to
class l.
However, because we do not observe class member-
ship, we impute it via Bayes’ formula. Given a prior
probability πi,l that i ∈ l, then the posterior probability








The EM algorithm proceeds by taking some initial
guesses for the individual posterior class membership
probabilities ρi,l, and using these to estimate the mar-
ginal utilities βl and the unconditional class probabilities
πi,l by maximizing the expected log-likelihood function
for the sample, defined as:






l þ logπi;l γð Þ
 
ð8Þ
In this paper we assume two latent classes, the
maximum number that could be estimated with the
available data. The relevant estimates obtained from
the latent class model are the WTA estimates for
each attribute in the choice experiment for each la-
tent class, as well as the marginal effects of
respondent-specific characteristics on (a) prior class
membership probabilities (as in Eq. 6) and (b) on
WTA estimates for malaria risk reductions and other
attributes in the experiment. Details on how these
marginal effects and their standard errors were ob-
tained, as well as issues related to survey sampling
weights, are reported in the Additional file 2.
Survey data collection
The survey data were collected through a three-step
process consisting of focus group discussions (FGDs); sur-
vey drafting, translation and pre-testing; and sampling of
households and administration of the final questionnaire.
Six FGDs were conducted in Gulu town, Uganda, and em-
phasized discussion of the perceived burden of malaria
and the relative benefit of different control methods, as
well as a discussion of general risks faced by households.A structured questionnaire was then drafted and trans-
lated into the local Acholi language, based on transcripts
from the FGDs. This questionnaire was pre-tested and re-
vised around the Gulu town for two weeks in October
2009. The final questionnaire was back-translated by an
independent party to ensure accuracy of the content.
Households were sampled for participation in the survey
so as to permit statistical inference on the populations of
Gulu and Oyam districts of northern Uganda (Fig. 1). A
three-stage clustered sampling design was employed.
Parishes (administrative units within each district) were
selected with probability proportional to size (PPS), using
population projections from the Ugandan Bureau of Sta-
tistics (UBOS). The sampled parishes were stratified so
that nine parishes were sampled with PPS in Gulu and six
in Oyam. One village was selected at random from each
parish using lists from the districts’ headquarters, and 40
households were randomly selected for the survey within
each sampled village. This sampling procedure requires
the use of sampling weights in the statistical analysis [38],
which are employed throughout the statistical analysis
whenever feasible.
Statistical and econometric analysis of the data was
performed using Stata/IC® Version 12.1 from StataCorp.
All 612 respondents sampled for the survey gave their
informed consent to be interviewed; 588 (96 %) ques-
tionnaires were sufficiently complete for use in this
study. Fifty-eight percent of surveyed respondents were
heads of their households, 38 % were spouses of the
household head, and the remaining 4 % were other rela-
tives of the household head.Results and discussion
General socioeconomic and malaria-specific characteris-
tics of the sampled households, as well as the individual
respondents, are presented in Table 2. The sample
appears representative of the population of Gulu and
Oyam districts in 2009, based on limited data from other
externally reported statistics for this region and time
period that were available (last column of Table 2). The
estimated mean household size, at six members, in the
survey sample is around one member greater than the
same statistic (at five members) reported in the 2009
Malaria Indicators Survey (MIS) [39]. The mean age of
members and number of children under 10 in a given
household is approximately the same across the survey
sample and the MIS. The survey sample appears less ed-
ucated than the most relevant comparable statistic we
could find in the Demographic Health Survey (DHS)
[40], with 11 % of individuals over six years of age
covered by the survey having completed some secondary
education, as compared to a comparable statistic of 16 %
in the DHS.
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vention roughly agree with available external statistics.
The survey data indicate a high malaria burden during
the time period of the study. The malaria incidence
measures in Table 1 indicate that approximately one
in five adults and one in four children under ten had
been diagnosed with malaria in the past month, at a
health clinic based on a blood test. While independent
sources do not provide comparable statistics for mal-
aria burden in this region and time period, the 2009
MIS does confirm an extremely high burden of mal-
aria in the mid-northern region (including Gulu and
Oyam) for this time period, reporting 80 % malaria
prevalence among children under 5 years of age based
on data from rapid diagnostic testing (Table 6.3) [39].
Ownership of mosquito nets is also very similar
between the survey and the 2009 MIS.
The largest and most relevant discrepancy between
the survey data and external statistics pertains to IRS
participation. The survey data indicate an 80 % partici-
pation rate in IRS, whereas the only comparable exter-
nal statistic that could be found is from the United
States President’s Malaria Initiative (pp.) [19, 28],
which reports a participation rate of 93 % in its pilot
round of IRS using DDT in Oyam district prior to
survey data collection. (Subsequent rounds of IRS,
occurring after the survey, reported participation rates
above 99 %, [41].) Discrepancies between the survey
sample and externally reported statistics could be due
to measurement error in both the survey data and the
externally reported statistics, as well as imperfect
comparison subpopulations in the external statistics.
The MIS, for example, only reports figures for the
‘Mid Northern’ region of Uganda, not for Gulu and
Oyam specifically, and a similar issue applies for the
2011 DHS, which only reports statistics for the ‘North’
(and for data collected two years after the survey
analysed here).Table 1 Description of choice experiment attributes and levels
Attribute Description Levels and
values
Malaria risk Average fraction of people out
of 10 getting sick with malaria




Compensation One-time payment offered to
respondent (in place of IRS).a
$0, $4, $22, $43,
$65, $217
DDT Frequency that DDT is sprayed
(for IRS programmes)
0,1,2, or 4 times
per year
ICON Frequency that ICON is sprayed
(for IRS programmes), mutually
exclusive with DDT.
0,1,2, or 4 times
per year
Notes: aCompensation amounts were described to respondents in local
currency (Ugandan shillings), but are presented here in USD 2009 for ease
of interpretationTurning to the summary statistics of the choice ex-
periment results, Table 3 reports general choice patterns
in the experiment, and Fig. 2 visually shows how respon-
dents resolved the tradeoff between foregone monetary
compensation and reduced malaria risk. Respondents
expressed a strong favourable preference for IRS, select-
ing one of the two IRS alternatives available in each
choice task over money compensation 81 % of the time
(Table 3), and 72 % of respondents always selected an
IRS alternative in all three of their choice tasks.2 Re-
spondents did not appear to favour one chemical over
another, selecting DDT in almost exactly half of the
tasks in which an IRS alternative was selected and opt-
ing for ICON in the remainder.
Respondents’ preferences and choices do appear sen-
sitive to the scale of potential malaria risk reduction,
as well as the potential amount of money on offer.
Table 2 shows that while respondents strongly pre-
ferred IRS, they did not always select the alternative
yielding the lowest malaria risk (with only 31 % of
cases exhibiting this behaviour). Furthermore, 8 % of
respondents always chose the money alternative over
IRS. This is a statistically significant deviation (P-value
< 1 %) from the 3.7 % frequency with which such be-
haviour would be observed by random chance (0.037
= (1/3)3). Additionally, a group of respondents always
chose monetary compensation instead of IRS in 10 %
of choice tasks.
Figure 3 shows that, as opting for IRS over money
compensation represents a more significant opportun-
ity cost, respondents are more likely to select the
money alternative. This figure plots the frequency with
which respondents selected money over IRS, for
different cost-effectiveness ratios of IRS: the cost-
effectiveness ratio here is defined as the amount of
money offered in the compensation alternative in each
choice task divided by the maximum, permanent mal-
aria risk reduction (expressed as percent probability)
that could be obtained from either IRS alternative in
that task. The figure shows that when the amount of
money offered is less than $5 per 1 % of foregone risk
reduction, respondents only select the money alterna-
tive 12.3 % of the time, whereas this frequency in-
creases to 20.2 % when the tradeoff climbs to greater
than $10 per 1.0 % of foregone risk reduction. A pro-
bit regression using the cost-effectiveness ratio to pre-
dict the probability that respondents select the money
alternative over IRS implies that this ratio is a statisti-
cally significant predictor of behaviour (P-value =
0.006, regression results presented in Additional file
2). If we view the cost-effectiveness ratio as a price of
malaria risk reduction (in terms of the marginal
opportunity cost of giving up money to obtain the risk
reduction), then this regression implies a ‘price







Number of households surveyed 588
Household-level variables
Household size (members) 6.1 2.6 4.95(a)
Average household age (years) 21 11 205(a)
Number of children under 10 2.1 1.6 1.85(a)
Value of household assets $266 $459
Monthly household income $44 $71
Education ≥ some secondary1 11.2 % – 16 %5(b)
Monthly malaria incidence1,2
Total population 0.17 0.24
Children under 10 0.24 0.35
Participated in previous IRS
Cluster weights only 80 % – 93 %5(c)
Cluster & household weights1 83 % –
Mosquito nets
per household 1.6 1.8 1.45(a)
per person1,3 0.26 0.35
Respondent-level variables
Age 39 15
Female 54 % –
Education ≥ some secondary 27 % –
Ill with malaria in past month?2 13 % –
Perceived malaria risk4 0.33 0.22
Respondent believes…




IRS is effective1 82 % –
Notes: Statistics calculated using sampling weights adjusting for cluster
sampling, unless otherwise noted. 1. Sampling weights accounting for both
cluster sampling and household size used for these statistics, 2. Malaria
diagnosis measures are self-reports indicating whether each member in the
household was diagnosed with malaria in the past month by going “to the
health facility where they took blood,” so this incidence measure is an
underestimate of actual malaria incidence in the population at the time of
study. Other, less conservative measures are reported in the survey, but are
not shown here. 3. Refers to both insecticide-treated or untreated, 4. Measured
as respondent subjective expectation of how many people out of 10 would fall
ill with malaria in next 30 days, 5. External data-sources used for comparison:
(a) MIS [39], for ‘Mid Northern’ subpopulation where available, otherwise





≤ $5 $5 - $10 $10+
Amount of money offered ÷
max. % malaria risk reduction from IRS
Fig. 3 Percent of choice tasks in which money selected over IRS,
by cost-effectiveness ratio. Error bars show 95 % confidence
interval of mean estimate of 1 686 choice tasks distributed
across 588 respondents. Sample weights used in computation
Table 3 Summary outcomes from the choice experiment
Frequency 95 % Confidence
Interval
IRS alternative selecteda 82 % (81 %–87 %)
using DDT 42 % (39 %–46 %)
using lambda-cyhalothrin (ICON) 40 % (38 %–44 %)
Always selectedb
Money alternative 8 % (6 %–11 %)
IRS alternative 74 % (70 %–78 %)
DDT alternative 13 % (9 %–16 %)
ICON alternative 10 % (7 %–13 %)
Lowest malaria risk alternative 31 % (26 %–35 %)
Notes: Sampling weights applied to account for cluster sampling. a Percentage
of choice tasks in sample (3 per respondent). b Percentage of survey
respondents exhibiting one of the listed behavioural patterns
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that a 1 % increase in this ratio decreases demand for
IRS by 0.14 % (this figure is based on a marginal ef-
fects computation using the probit regression, shown
in the Additional file 2).
While the above results provide useful descriptive
analysis of the behaviour observed in the choice experi-
ment, econometric models described in the previoussection are necessary to disentangle the partial effects of
each attribute considered in the IRS alternatives, as well
as to identify the effect of respondent socioeconomic
and malaria-specific characteristics on WTA valuations
of malaria risk reductions. Table 3 shows the estimated
WTA for specific attributes of IRS. Results from the
conditional logit regression model, corresponding to Eq.
(1) above, are presented in the first two columns of
numbers in terms of WTA, i.e. the ratio of each IRS
attribute’s regression coefficient divided by the regres-
sion coefficient on the money alternative (the raw
regression coefficients do not have easily interpretable
units and so are shown in the Additional file 2).
The results in Table 3 indicate a significantly positive
mean WTA for the malaria reduction benefits of IRS,
equating to an annualized valuation of approximately
$9 per 10 % malaria risk reduction. Malaria reduction
benefits are evidently not the only significant benefits
of IRS, as perceived by respondents. The mean WTA
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$54 respectively (with no significant difference in WTA
between the chemicals). These valuations are independ-
ent of the malaria reduction benefits of IRS. These side
effects of IRS are equivalent to a malaria risk reduction
of roughly 60 %.
The last two columns of Table 4 show results of the
latent class logit model, which allows for respondent
heterogeneity in WTA. This regression model reveals
two types of preferences among the surveyed respon-
dents. One type of preference (approximately 80 % of
the sample) corresponds to a relatively high valuation
for all aspects of IRS, including both malaria reduction
benefits and side effects. For these respondents, the
side benefits of IRS appear to be equivalent to between
a 40–50 % reduction in malaria risk.
The other type of preference (the remaining 20 % of
respondents) corresponds to a relatively low valuation
for malaria reduction, and in fact a negative estimated
value of IRS side effects–implying a nonmonetary cost
of IRS participation for these individuals. The choice
experiment results for this subgroup suggest, for
example, that IRS programmes consisting of two rounds
per year would need to achieve between a 10–15 %
reduction in malaria risk in order to yield a net positive
value for these individuals.
The finding that one group had a very high, positive
valuation of IRS, whereas the other group had a negative
valuation of the side effects, conforms with the FGDsTable 4 Estimated annual willingness to accept (WTA)
Conditional logit modela
Alternative-specific attributes WTA Std. Err.
Foregone 10 % malaria risk reduction $8.94*** ($3.40)









Choice tasks per respondent 3
Model degrees of freedom 4
Log-likelihood −1 376
Notes: ***, ** and * indicate statistical significance at the 1, 5 and 10 % levels, respe
estimates (Additional file 2: Table A1). A 10 % discount rate is applied to convert th
Bauer and Chytilová [36]. Dollar values in 2009 USD. Standard errors calculated clus
sampling weights. Model estimated without sampling weights yields similar results,
value of −1419. b Model and reported log-likelihood first estimated without samplin
sampling weights applied to class membership model and imputed class sizes repoand anecdotal reports by the survey enumerators that
opinions about IRS were polarized. Some respondents
were strongly positive about IRS programmes, not only
for malaria reduction but also for their perceived sanitiz-
ing effects (e.g. the killing of nuisance insects). Other re-
spondents reported experiencing negative health effects
following treatment of their home with IRS.
The effect of covariates on IRS valuation can be esti-
mated in the latent class model, by including how respond-
ent characteristics predict the probability of belonging to
the high- or low-WTA groups. As shown in Table 5, the
statistically significant factors positively influencing the
likelihood of belonging to the high-risk group are mosquito
net ownership, whether the respondent believes that stand-
ing water is a predictor of mosquito abundance, as well as
whether the respondent in fact believes IRS is effective at
reducing malaria risk (even though the choice experiment
clearly defined the expected malaria risk reduction for each
IRS alternative). The statistically significant factors posi-
tively affecting the likelihood of belonging to the low-WTA
group are the average age of members in the respondent’s
household, and whether the respondent is female. Income
and wealth measures from the survey are not statistically
significant predictors of WTA. While this would be a sur-
prising finding if we were measuring WTP, it is less sur-
prising that these variables are not associated with WTA,
since the latter is not bounded by budget constraints.
In terms of the effects of these covariates on mon-
etary valuations of IRS programme attributes, we canLatent class logit modelb
Class 1 (High WTA) Class 2 (Low WTA)
WTA Std. Err. WTA Std. Err.
$19.35*** ($5.35) $0.38 ($0.31)
$87.53*** ($20.43) -$1.97*** ($0.94)
$84.32*** ($20.01) -$2.79*** ($1.07)
80 % 20 %
82 % 18 %
81 % 19 %





ctively. Computations based on conditional and latent class logit model
e choice model coefficients to annual WTA, according to estimates reported by
tering at the respondent level (i.e. across choice tasks). a Model estimated with
but with a 34 % lower (in magnitude) malaria risk WTA and a log-likelihood
g weights, due to software limitations. To account for sampling design,
rted here with and without sample weights
Table 5 Marginal effects of household and respondent covariates on IRS preferences
Prob. in high-WTA group Marginal effect on expected WTA to forego:







Household size (members) +0.39 % (0.706 %) +$0.07 +$0.35 +$0.34
Average household age (years) −0.34 %* (0.191 %) -$0.06 -$0.30 -$0.29
Number of children under 10 −0.93 % (1.309 %) -$0.18 -$0.83 -$0.81
Value of household assets −0.01 % (0.004 %) -$0.00 -$0.01 -$0.01
Monthly household income +0.05 % (0.038 %) +$0.01 +$0.04 +$0.04
Monthly malaria incidence −4.06 % (7.526 %) -$0.77 -$3.63 -$3.54
Participated in previous IRSa +8.53 % (7.210 %) +$1.62 +$7.63 +$7.43
Mosquito nets per person +9.70 %** (4.862 %) +$1.84 +$8.68 +$8.45
Respondent-level variables
Age +0.11 % (0.132 %) +$0.02 +$0.10 +$0.10
Female1 −5.71 %** (2.916 %) -$1.08 -$5.11 -$4.97
Education ≥ some secondarya −6.26 % (4.423 %) -$1.19 -$5.61 -$5.46
Ill with malaria in past month?a +5.05 % (3.886 %) +$0.96 +$4.52 +$4.40
Perceived malaria risk +11.10 % (9.599 %) +$2.10 +$9.93 +$9.67
Respondent believes:a
Mosquitoes cause malaria +3.56 % (5.677 %) +$0.68 +$3.19 +$3.10
Standing water predicts mosquito abundance +7.56 %*** (2.787 %) +$1.43 +$6.77 +$6.59
IRS is effective +19.45 %*** (6.897 %) +$3.69 +$17.41 +$16.95
Notes: Estimated covariate effects from the latent class logit model (Table 4 and Additional file 2: Table A1). ***, ** and * indicate statistical significance at the 1, 5
and 10 % levels, respectively. For WTA calculations, 10 % discount rate is applied to convert the choice model coefficients to annual WTA [36]. a Marginal effect
calculated for discrete change in binary variable
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an additional mosquito net is associated with a $1.84
addition to the respondent’s WTA valuation of a 10 %
malaria risk reduction. An important caveat about
this finding is that while Table 5 shows which
respondent characteristics are associated with higher
or lower WTA, we cannot infer from our data why
these characteristics statistically predict WTA. For ex-
ample, mosquito nets may in fact be a malaria pre-
vention substitute for IRS, which would lead one to
expect that owning a mosquito net lowers the value
of IRS. However, households owning a mosquito net
may be a priori more concerned about malaria, in
which case this variable would be serving as a proxy
for individuals who place greater value on malaria
risk reductions.
Conclusions
This study shows that a large majority of the population
in a region with high, endemic malaria and exposure to
public IRS programmes places a high value on such pro-
grammes, due both to the malaria reductions benefits of
these programmes and to perceived beneficial side effects.
However, a significant minority–approximately one in fivehousehold heads–perceives significantly lower value from
these programmes, to the point of experiencing a net cost
from the side effects of IRS.
These results are important when considering how
to sustain public support for IRS and other vector con-
trol programmes. While our finding of a high WTA
among a majority of respondents suggests that IRS
programmes do enjoy widespread support in this
region, the 20 % of respondents placing a relatively
lower value on IRS is not an insignificant portion of
the population, particularly when considering the
extremely high malaria burden observed in our survey
as well as in other data from this region and time
period [39, 42]. Understanding the reasons underlying
these low valuations is important to avoid adverse
public reactions imposing constraints that might limit
the ability of programme managers to flexibly respond
to future biological dynamics, such as the evolution of
insecticide resistance.
Our results suggest that higher values for IRS pro-
grammes are harboured by those who are better informed
about factors determining malaria transmission (for ex-
ample, whether standing water is a predictor of mosquito
abundance), and by those who have taken prior
Brown et al. Infectious Diseases of Poverty  (2016) 5:100 Page 11 of 13preventative action to avoid malaria, like purchasing mos-
quito nets or in fact participating in a previous IRS round.
In this way our study relates to other research demon-
strating the importance of knowledge (particularly mater-
nal knowledge) about malaria, in participating in malaria
prevention programmes [43, 44]. This body of research
suggests that increasing knowledge and awareness about
malaria transmission and potential preventative options
can have a measureable impact on behaviour.
Our results are also relevant for considering possible
economic instruments for increasing adoption of malaria
prevention practices and technologies. As has been well-
studied in the area of vaccination [45, 46], an economic
argument can be made for subsidizing individual efforts to
prevent an infectious disease, because such individual
efforts, when aggregated, have positive spillovers on the
population as a whole. By econometrically estimating a
preference-based model of prevention choices as we do
here, we can move closer to the goal of estimating socially
optimal subsidies for malaria prevention efforts (subsidies
which may go beyond free provision of IRS in our case,
due to nonmonetary side effects). This objective of trans-
lating such a theory to measurement would require fusion
of economic evaluation with epidemiological modelling of
the direct and indirect malaria reduction benefits of IRS
and other vector control efforts. For example, such an
epidemiological model would be necessary to model the
effects of IRS participation on individual risk and
population-level malaria incidence [47]. This broader
agenda comprises a relevant topic for future research.
There are two significant limitations we acknowledge
in this study. First, our data come from a single survey
round and thus represent only a snapshot of preferences
related to IRS. Such preferences may evolve over time in
particular because of households’ increased experience
with these programmes and other vector control alterna-
tives, as well as in response to the non-marginal changes
in malaria risk that are occurring from the continued
scale-up of vector control in combination with improved
case management (e.g. the use of rapid diagnostic tests
in combination with current generation antimalarial
drugs). This limitation motivates repeating similar stud-
ies in the future to systematically monitor public support
for these programmes over time. Another limitation is
that our choice experiment obtained WTA for a per-
manent IRS programme, whereas an annual valuation
measure is more practical. Consequently, we must rely
on a 10 % discount rate reported by Bauer and Chytilová
[36] to convert our estimates to annual terms. However,
this limitation can be partially addressed by noting that
the discount rate only affects the absolute dollar values
reported in this study, but does not affect the relative
values, for example between malaria risk reductions and
IRS side effects.It is important to note in closing that the intent of this
analysis is more nuanced than simply arguing for or
against IRS programmes on the basis of public attitudes.
Rather, our aim is to quantitatively assess how the differ-
ent components of IRS programmes shape preferences. By
doing so, we argue that such programmes can be more
completely evaluated from the perspective of the house-
holds who have the most at stake in their deployment.Endnotes
1This background material is based on personal com-
munication with multiple officials involved with PMI’s
Gulu and Oyam IRS operations in 2008 and 2009.
2None of the respondents opted for the status quo in
any of the choice tasks, which is not surprising given
that some money compensation was available in every
task: selecting the status quo would have amounted to
leaving money on the table.Additional files
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